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Federal Diesel Fuel Testing

Program Status

— Draft Final Report completed and circulated
to the panel members

— Statistical analysis was conducted based
on methods developed by CARB



Chassis Dynamometer Fuel Test Matrix
For each Test Vehicle

Aftermoon Schedule
[AassumMmes &
replicates)

Moming Schedule
Test Day _U ~ _t'i. ' . ..
< (assumes 6 replicates)

ARB HHDDT Cruise Test Cycle

Day 1 CCC AAA AAA CCC
Day 2 CCC BBB BEB CCC
Day 3 AAA CCC CCC BBB
C = CARB diesel, A = Federal A diesel, B = Federal B desel

Engine Dynamometer Fuel Test Matrix
For each Test Engine

Test Day | |
Heavy-Duty FTP Test Cycle

Day | | cce ‘ AA BER
Day 2 | BER

AREB HHDDT Cruise Test Cycle

Day 2 | CoC
Day 3 BEH BEH
C= CARB diesel fuel, A= Federal A diesel fuel B = Federal B diesel fuel



Chassis Dyno Vehicle Targeted
and Actual Test Matrix

_
1991-1993 | | *le

97 | 1 vehicle
1'4'1"\-2LI'I 12| 2 vehicles (1 retrofit) 4 "-"ri."l'li-ii'lr:."!é- (2-Retrofits)

2002-2006 | 3 vehicles (1 retrofit)
2007-2000 | 2 vehicles

1 vehicle




Specification

Chassis Dyno Test Vehicles/ Engine

Engina
Manufacturer

Catarpillar

Deetroit Digsal

Detroit
Diesel

Catarpillar

Detroit

Caterpillar

Cummins,
Iniz.

-Diatroit
Diasal

Cummins,
Inc.

Mavistar

Engine Modal

3176

DOC Sarias
&0

560

C-15

ooc
Laries 60

C-15

ISM 370

MEE4000

I5X 485

MAXKFORC
E"13

Model Yoar

1994

1908

1954

2000

2000

2005

2006

2007

2008

2008

Tast W aight

0000

61250

b2154

8744

f8460

55600

57300

1250

B0260

51200

Chassis
Model

1604
Freightline
r

1938 Starling

1494
Freightli
nar

2001
Freightliner

2001
Fraightline
r

2006 Paterbilt

2006
Internafional
Q200

2008
Fraightlinar

2008
Palarbilt

2011
Transtar

Engina
Family Name

RCPe29E
Z0ARA

WODDXH127E
GD

XPOXH
127
EGL

XH0893ERK

YDOXH12.

7 EGL

5CPXHoa2sE
BK

6CEXHDE61
MAT

7ODXH12.8
DJA

BCEXH0a1
2XAL

Maxforce

Engine Typa

In-lina &
cylinder

In-line &
cylindar

In-linz &
cylinder, 4
siroke

In-lina &
cylinder

In-ling &
cylinder

In-ling &
cylindar, 4
stroke

Ir-line &
cylindar, 4
siroke

In-ling &
cylinder

In-ling &
cylindar

Injection Type

Diract

Diract

Direct

Direct

Diract

Diract

Diract

Diract

Diiract

Diract

EGR

Mo

]

Mo

Mo

Mo

Yas

a3

Yes

Yas

Yas

Displacement
(litar)

10.3

127

127

14.6

127

152

10.8

12.8

124

Power Hating
{hp)

325 hp @
1800

470 (peak)

470hp
@ 2100

AT5hp @
2100

Zohp@
2100

TE5Np@
1800

385 (@ 1800
rpm

20hp @
1750 rpm

485 (peak)
1650
{continuou
)

430 hp(peak)

Fual Type

Digzal

Diesal

Diasal

Digzal

Diasal

Die=al

Diezel

Diasal

Die=al

Digsal

Induction

Turbocharged

Turbocharga
r with after
cooler

Turbochar
ged

Turbocharge
rwith charge
air cocler

Turbocharge
rwith aftar
coolar

Turbocharg
ed

Diract
Injection
Turbocharge
d

Adter
freatmant

Johnson
Matthay SCHRT

Cleaira
Long View

OEM
DPF

OEM
DPF




Engine Dyno Tested Engines/Specification

I*num Manufactumr | Detroit Diesel Com, I*num Manuimtwr Cummins, Inc,

.i ft::- - Teatment ]}[']C PF




Chassis Dyno Testing NO, Results

NO, Emissions

Vehicle




Chassis Dyno Testing PM Results

PM Emissions

Vehicles




Chassis Dyno Testing THC Results

THC Emissions

@
£
S—
20
Q
—r
C
-
o
=
(7,]
.2
£
LiJ
D
-
[—

Vehicles




Chassis Dyno Testing CO Results

CO Emissions
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Chassis Dyno Testing CO, Results

CO, Emissions

= CARB
®FED A

N
(=)
=)
o

(Y
n
o
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CO, Emission rate (g/mile)

[F)]
o
o

Nl

Vehicle




Chassis Dyno Testing MPG Results

Fuel Economy

m CARB
™ FED A

wn

miles/gal
iy

w

LT

O
Q’Q

Vehicles




Chassis Dyno Emission Results

Percentage Difference and P-Value

THC O Ny | i | Ciy
CARR vs, Sdill  Pvaloe | % dill Pwyaloe| % dilf Pyaloe | % dill Pyaloe| % dilif P valoe
CATIIITH 1994
Federal A -11.14% .00 6.57T% 0357 | OL71% 0.7z 5.95% 0418 | 1L19% | 0L234
Crui=e Federal B -4, 1 1% 0,292 | 1035% | 0294 1445 0619 | 11.75% | 0141 L9 | 0108
DI Series 6V 1998
Cruise Federal A 9. 35% 08T | 2272% | D158 | - 0959 | -3L27T% | 0121 | -0.56% | 0.6
Federal B -38.T8% 0,461 0 495 0. 486 0. 956 066 0639 | 258% | 0018
| I T T R S
Cruise Federal A 266% 0644 | 438% 0358 | - 0712 | 1274% | 0283 | 339% | (L
Federal B 279% 0592 | 1113% | 000 | -7 10¢% 0.43] 1996% | 0,074 | 3.699% | QUK
CATAC LS W
Cruise Federal A -8 1 1% 0031 6.35% | 0.0Z2 (0.0 432% | 0040 | 1.28% | 0.2
Federal B 2 33% 0454 | 4.534% | 008D 0.0 3. 20% 00221 1L.86% | (.|
DI Series (v 20HH)
Cruise Federal A 2 L.05% 0550 ) -17.34% | 0,460 0000 | 1986% | 0215 | -0.07% | 0920
Federal B 5L02% 0039 ) -1.36% | 0.9%] 0000 | -13.28% | 0336 | 1.92% | 0012
CAT/CIS 2=
Cruise Federal A -1168% 0351 | -276% | 0855 | -0 0577 | -TO00% | 0307 | O0.31% | 0567
Federal B -4 13 % 079 | M666% | 0264 0.475 10.84% | 0L1BD | 1L69% | DLDlG
CumminsTSMMI TV 20
Cruise Federal A B3.84% 0.1 | -D40% | 022 0006 | -097T% | 0749
Federal B L65% 0656 | -0.19% | 0.919 0,000 D456 | (.G
MBENYEM 4601 AL 20T
Cruise Federal A 16,91 % 0766 | L30% 0,920 13.60¢%
Federal B -11.72% 0,833 | 23.58% | 0163 ] - 16, B3 %
CUM/ISK 455/ 2008
Cruise Federal A -26062% | 0628 | 4205% | 0011 1545 0,03 %
Federal B -107975% | 0,149 | 37.24% | 0073 -9 33%
MavistanMasocforee 1.3 209
Cruise Federal A -55. 29% 0132 | -13.86% | 0.532 | - -26.47T%
Federal B -3.4 1% 0925 | -30.53% | 0.223 ] -7 .221%




Engine Dyno Emission Results

Percentage Difference Difference and P-Value

l TmTHC__ | €0 | NO_ | PM | €O, | BSFC |
CARB vs O diff Pvaloe| % diff Pvaloe (% diff Pvalue | % diff P value | % diff P valoe | % diff P value

2007 MBE 4000
Federal B
mw: Federal B
Federal A
Federal B

Federal A
Huieraj 4

[-'r:‘leIul A
Federal B
Federal A
Federal B
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Dyno Statistical Analysis Results

Weighted Difference and Confidence Interval

50-mph Cruise Cycle

x

THC

Co

MNOx

M

Co,

Wi'd%A

95% C1

Wrd%a

5% CI

Wi'd%A | 95% CI

Wit'd %A

95% C1

Wi'd%A | 95% CI

All trucks &
Engines

Federal A

-2.5%

0.0%

2.3%

8.0%

3.5% 21%

1.2%

8.0

1.2% 0.6%

Federal B

225

10.7%

5.3%

9.9%

3.7%

4.9%

17.5%

205 0.5%

Trucks & Engines w
EGR

Federal A

-1.2%

10.9%

-1.3%

12.5%

235

-1.5%

13.8%

1.1% 0.8%

Federal B

-0.8%

0.7%

4.6%

17.1%

3,50

3, 1%

32.2%

2.0% 0.8%

Trucks & Engines
wio EGR

Federal A

-4. 1%

13.6%

5.5%

03%

4.1%

4.3%

11.5%

1.2% 0.8%

Federal B

345

5.8%

8.8%

3. 8%

4.8%

0.0%

21% 0.6%

Trucks & Engines w
DPF

Federal A

NA

1.35%

17.4%

2o | bt | =

2.0

5.5%

20.6%

0.7% 1.1%

Federal B

NA

3.2%

19.9%

3.8%

-3.6%

39.4%

1.9% 0.7%

Trucks & Engines
wio DPF

Federal A

-2 7%

3.6%

4.0%

4.0M%

11%

4.5

1.3% 0.6%

Federal B

21%

5.3%

71.0%

o B L el B I I

e R B

L — | A

3.7%

6.1%

4 5%

21% 0.7%

FTP Cycle

o

NOx

M

o,

Wi'd %A

WrdiA

95% (1

WrdeA | 95% (1

Wir'd A

95% (1

Wi'd%A | 95% C1

All Engines

Federal A

4.7%

13.0%

4.7%

7.0% 0.6%

4.4%

2.3%

1.4% 0.4%

Federal B

18.4%

21.9%

16,00

8.3% 0.8%

T.4%

4.5%

1.3% 0.3%

Engines w EGR

Federal A

-0.7%

16.8%

1.7%

6.7% 0.6%

4.9%

1.1%

1.3% 0.3%

Federal B

13.1%

25.8%

21.2%

T.5% 0.7%

d.3%

1.1%

L.4% 0.2%

Engine wio EGR

Federal A

14.4%

9.1%

21.9%

1.5% 0L.7%

2.1%

100

L7% 0.9%

Federal B

29.5%

12.2%

3.2%

0. 3% 0.6%

2.6%

3.2%

1.2% 0.8%

Engine w DPF

Federal A

NA

NA

NA

NA NA

NA

NA

NA NA

Federal B

27.3%

51.3%

11.5%

1.3% 0.7%

NA

NA

1.4% 0.3%

Engines wio DPF

Federal A

4.7%

13.9%

4.7%

T1.0% 0.6%

4.4%

2.3%

1.4% 0.4%

Federal B

18.0%

19.4%

6.4%

B.8% 1.0%

1A%

4. 5%

1.3% 0.4%




Additional Discussion

—Comments on chassis dynamometer results
or statistical analysis

— Comments on draft final report

—Engine dynamometer data are included In
the presentation In case additional
discussion is needed
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Engine Dyno Testing NO, Results

NO, Emissions NO_ Emissions

. X OCARE
B CARE L A Federal A

= Federal B OFederal B

= om o=

NOy, Emissions(g'bhp-hr)

L
F 9
MOy, Emission s{ g bhp-hr)

b2

FTP S0 mph Cruise TP S0 mph Cruise

LAverage NO, Emission Results for the 2007 MBE4000 LAverage NO, Emission Results for the 2006 Cummins ISM

NO, Emissions

BCARBULSD
# Federal A

50 mph Crulse

Average NO, Emission Results for the 1991 Detroit Diesel Series 60




Engine Dyno Testing PM Results

PM Emissions
PN Emissions

O CARB

LINIEY

0.0
ECARRB B Federal B

m Federal A

OFederal B

r
T

-
LLNLY ]

S50 mph Cruise

LIN )]

re Somph Cruise

. Average PM Emission Results for the 2007 MBE4000 Average PM Emission Results for the 2006 Cummins ISM

PN Emissions
B AR ULSTY
| Federal A

| B Federal B

PMEmissions (g/'bhp-hrj

FTr S0 mph Cruise

« Average PM Emission Results for the 1991 Detroit Diesel Series 60




0. 009

) 0.0iE
0.7
0.006
= 0.005
: > g

= 0003

g'bhp-hr)

nsi

1y

5

L]

CEmi

0002

TH

0,001

IR

Engine Dyno Testing THC Results

THC Emissions

FTr

mCARE

A Federal B

. (11
=
E0.06
.04
=
o0z

000

Frp

S0mph Cruise Average THC Emission Results for the 2006 Cummins ISM

. Average THC Emission Results for the 2007 MBE4(0

o' bhp-hr)

THC Emissions i

THC Emissions

B CARBULSD
@ Federal A

O Federal B

0.02

0.01

0,00
FTP 50 mph Crujse

Average THC Emission Results for the 1991 Detroit Diesel Series 60

THC Emissions
mOCARE

i Federnl A

0 Federal B

Smph Cruise




0.0

Engine Dyno Testing CO Results

COy Emissions

mCARB
O Federnl I

’—b—

FTP
Average CO Emission Results for the 2007 MBE4000

COEmissions (g bhp-hr)

S0 mph Croise

(0 Emissions { g/bhp-hr)

COy Emissions

=CARB
M Federal A

= Federal I

FTP Smph Cruise

Average CO Emission Results for the 2006 Cummins [SM

C0O Emissions

OCARE ULSD

B Federal A

O Federal B

Sl mph Cruise

Average CO Emission Results for the 1991 Detroit Diesel Series 6l




Engine Dyno Testing CO, Results

COy, Emiissions

CO;, Emissions

T
S G50 ‘ B CARR
L —
=y F ™ -
= = Federal It = o CARE

GO 5 | |
fp':" I E‘ 750 A Federal A
£ ss0 %1‘2:: | @Federal B '
= . + s |
E so0 £ co0
- R
— E ==
= 450 = 550

(=)
400 (]
Frr S0 mph Crulse

FT'® S mph Cruise

Average C0, Emission Resulis for the 2007 MBE4000
t. Average C0O: Emission Results for the 2006 Commins ISM

(0O, Emissions

BCARB ULSD
EE Federal A
OFederal B

G0, Emissions (g bhp-hr)

FTP S0mph Cruise

Average CO; Emission Results for the 1991 Detroit Diesel Series 6l



Engine Dyno Testing BSFC Results

BSFC

g

BCARR

A Federal B

DCARR
m Federal A
[IXITE . BFederal B

v 2

)

LsEE

,._
-
[—]
=

56

BSFC( gals/bhphr)

=4

BSFC {gals/bhp-hr

=52

(510

[INIE .1

o 50mph Cruise Frre Sthmph Cruise

I. Average Brake Specific Fuel Consumption Results for the 2007 MBE4000 §. Average Brake Specific Fuel Consumption Results for the 2006 Commins [SM

B CARBULSD
@ Federal A
0058 B Federal B

LO56

b
&

(gals./bhp-hr)
&
[

00,050

BSF(

0048

046

0044

FT'P Smph Cruise

Average Brake Specific Fuel Consumption Results for the 1991 Detroit Diesel
Series 60




